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1 Introduction

At RAN1 #68 a number of contributions analyzed the performance of 64QAM on the uplink (see [1]-[5]).  The modulation switch point for transitioning from 16QAM to 64QAM in the uplink was discussed but left for further studies.  
At the last RAN1 meeting, we presented preliminary 16QAM and 64QAM link-level simulation results using ideal channel estimation [1].  In this contribution we extend our analysis and present link-level simulation results for the modulation switch point between 16QAM and 64QAM using realistic channel estimation. 

2 Discussion

In Release 7, 16QAM was introduced for UL HSPA with a fixed modulation switch point around 4Mbps.  Similar to 16QAM, 64QAM in UL HSPA needs to determine whether or not to specify a fixed modulation switch point or a dynamic switch point between 16QAM and 64QAM.  One consideration in this decision is if the modulation switch point is constant across different channel conditions.  
Our simulations results in the next section show that the modulation switch point between 16QAM and 64QAM is approximately at 8Mbps and this point is constant across various channel models.  

2.1 Simulation Results

The simulation assumptions for this contribution are shown in the Appendix.  The assumptions from [1] have been updated to align with UL MIMO with 64QAM assumptions agreed to via e-mail [5].  In these simulations we used three interleavers for 64QAM.  The results using realistic channel estimation are shown in Figure 1.
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Figure 1: Comparison of Throughput vs. Rx Ec/No for 16QAM and 64QAM for SIMO
2.2 Observations

The results shown in Figure 1 confirm the findings in [1].  Namely 64QAM begins to outperform 16QAM around 8000 kbps.  In addition the modulation switching point is the same for both PA3 and VA3 channel conditions.  Based on these observations, we conclude that using a fixed modulation switch between 16QAM and 64QAM is a justified approach.
3 Conclusion

This contribution presents results for 16QAM and 64QAM in PA3 and VA3 multi-path fading channels using realistic channel estimation.  Based on the simulation results obtained, we conclude that using a fixed modulation switch between 16QAM and 64QAM is a justified approach and that the modulation switch point should be set to 8Mbps.
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5 Appendix

5.1 Simulation assumptions

Table 1
 Simulation parameters for UL MIMO performance evaluation.
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH for SIMO

	E-DCH TTI [ms]
	2

	TBS [bits]
	Varying

	Modulation
	16QAM, 64QAM

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	∆T2TP [dB] (Ratio of primary E-DPDCH power to the power of the phase reference for the primary stream)
	10dB

	20*log10(βed/βc) [dB]
	10

	20*log10(βec/βc) [dB]
	Calculated from ∆T2TP and βed

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4


	H-ARQ operating point
	10 % BLER after 1st H-ARQ attempt 

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	PLmax
	0.33

	PLnon,max
	0.66

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON 

	ILPC Update Rate
	Slot rate

	Outer Loop Power Control
	ON 

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


